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Purpose: To evaluate whether there was a difference in peripapillary retinal nerve fiber layer 
(RNFL) and foveal thickness between amblyopic and normal individuals with optical coherence 
tomography. 

Materials and methods: Sixty patients, 30 patients with hypermetropic anisometropic 
amblyopia and 30 normal emmetropic subjects, were enrolled in this study. The eyes of the 
participants were divided into three groups: 30 eyes of 30 patients with amblyopia (A), 30 fellow 
eyes of the amblyopic patients (B), and 30 eyes of 30 normal subjects (C). Emmetropic normal 
subjects included cases with normal visual acuity and unremarkable ocular examinations. After 
routine ophthalmic examination, peripapillary retinal nerve fiber layer and foveal thickness 
measurements were measured by time-domain optical coherence tomography and compared 
among the three groups. 

Results: The difference in RNFL thickness between amblyopic eyes, fellow eyes of the amblyopic 
patients, and normal eyes of the emmetropic subjects was not clinically significant. However, 
the mean foveal thickness was significantly thicker in amblyopic eyes versus the fellow eyes 
and normal subjects' eyes. 

Conclusion: Our results suggest that amblyopia seems to have an effect on the foveal thickness, 
but not on the RNFL thickness. 
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Introduction 

Amblyopia is the most frequent cause of reduced vision (unilateral or bilateral) in chil- 
dren; demonstrated by deficiencies such as loss of Snellen and grating acuity,'-^ loss of 
contrast sensitivity,^ and creation of distortions in the perceived shape of a stimulus.* It 
has been estimated to affect l%-5% of the population.^ Amblyopia frequently occurs 
during the first 2-3 years of childhood. However, it may also occur in children up 
to 8-9 years of age.* Amblyopia can be associated with strabismus, anisometropia, 
or disruption of normal development of the lateral geniculate body during the neo- 
natal period.'"'^ However, the initial neural site corresponding to this visual deficit 
observed in this condition is still under investigation. The loss of vision is thought to 
be secondary to abnormal relationships of the neuronal network within the primary 
visual cortex. Nevertheless, it has been hypothesized that amblyopia may affect the 
postnatal maturation of the retina, including the postnatal reduction of retinal ganglion 
cells, which could lead to a measurable increase in retinal nerve fiber layer (RNFL) 
thickness. Interestingly enough, where some studies have found increased RNFL 
thickness in amblyopic eyes, others have not.""'^ Red-free ophthalmoscopy, scanning 
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laser polarimetry, and optical coherence tomography (OCT) 
can evaluate retinal nerve fiber layer thickness. OCT is a 
noninvasive, noncontact technique that visualizes the retina 
and has increasingly been used in ophthalmology. 

This study attempted to evaluate whether there was a dif- 
ference in foveal and peripapillary RNFL thickness between 
amblyopic and normal individuals with optical coherence 
tomography. 

Materials and methods 

This prospective, cross-sectional study enrolled 60 patients 
with ages ranging from 8 to 14 years. The study was 
approved by the World Eye Hospital institutional medical 
ethics committee and was conducted in accordance with the 
Declaration of Helsinki. Written informed consent was also 
obtained from each individual's parents. The study included 
30 unilateral hypermetropic anisometropic amblyopic 
patients and 30 emmetropic normal subjects. Hypermetropic 
anisometropic amblyopic patients included outpatients who 
met the following inclusion criteria; amblyopic patients 
with no history of intraocular surgery, neurological disease, 
retinal disease, glaucoma, nystagmus, or strabismus. An 
amblyopic eye was defined as an eye that has a visual acu- 
ity of at least two lines worse than the normal eye using the 
Snellen chart. Anisometropia was defined as a cycloplegic 
spherical equivalent difference greater than 2.00 diopter (D) 
between fellow eyes. Emmetropic normal subjects included 
cases with normal visual acuity and unremarkable ocular 
examinations. The right eye of each normal subject was 
evaluated. The eyes of the participants were divided into 
three groups: 30 eyes of 30 patients with amblyopia (A), 
30 fellow eyes of the amblyopic patients (B), and 30 eyes 
of 30 normal subjects (C). All patients were evaluated by a 
detailed eye examination, which included manifest refraction, 
best corrected visual acuity using a Snellen chart, cycloplegic 
refraction using cyclopentolate hydrochloride 1%, cover- 
uncover test, prism test, extraocular movements, intraocular 
pressure measurement, slit-lamp biomicroscopy, and dilated 
fundus examination. Intraocular pressure, anterior segment, 
and fundus examination were normal in all eyes. The foveal 
and peripapillary RNFL thicknesses were measured by time- 
domain OCT (OCT 3000, version A 3.0; Carl Zeiss, Inc, 
Dublin, CA, USA). OCT scans were performed when pupils 
were dilated. Signal strength was rated on a 10-point scale: 
signal strength values of >6 were considered acceptable. 
All our patients had the ability to maintain steady fixation 
at the OCT, and each scan was accurately checked to avoid 
misalignment of imaging. 



Each OCT was performed by the same technician. Two 
protocols were performed for each eye of every subject in 
the following order: the fast macular thickness scan map and 
the fast RNFL thickness scan map. The fast macular thick- 
ness map consists of six radial scans centered on the fovea, 
with each scan formed by 128 single A scans. The machine 
displays the thickness values in three rings. The foveal area 
corresponds to the innermost 1 mm diameter, the inner ring 
to 3 mm diameter, and the outer ring to 6 mm diameter. The 
foveal thickness corresponds to the mean thickness in the 
central 1 ,000 microns diameter area. The fast RNFL thick- 
ness scan (3.4 mm circle protocol) consists of 256 individual 
A scans in a path around the circumference of a circle 3.46 
mm in diameter and centered around the optic nerve. The 
machine scans the area three times consecutively, and gives 
the average thickness value of the three scans. Internal fixa- 
tion was used for macular scaiming, and external fixation for 
optic disc scanning. 

The statistical analyses were done using SPSS 15.0 
(Statistical Package for Social Sciences; IBM Corporation, 
Armonk, NY, USA) software package. Descriptive statisti- 
cal methods (mean, standard deviation) were used for data 
evaluation. A one-way analysis of variance test followed by 
a post hoc Bonferroni correction was used for comparing the 
groups. A P- value of less than 0.05 was considered statisti- 
cally significant. 

Results 

The study included 30 (n=30 eyes) hypermetropic anisome- 
tropic amblyopic patients and 30 (n=30 eyes) normal emme- 
tropic subjects. The amblyopic patients included 15 females 
and 15 males, the mean age was 10.5 years (range 8 to 
14 years). Mean spherical equivalent of cycloplegic refraction 
was +4.75 D (range +3.00 to +6.00 D) in the amblyopic eyes. 
The mean spherical eguivalent of the cycloplegic refraction 
was +1.00 D (range +0.50 D to +2.00 D) in the fellow eyes. 
Mean best corrected visual acuity was 0.42 (range 0.2 to 0.8) 
in amblyopic eyes and 1.0 in the fellow eyes. Emmetropic 
subjects included 15 females and 15 males, the mean age 
was 10.2 years (range 8 to 14 years). 

The mean RNFL thickness for Group A was 
101+10.77 microns; for Group B, it was 104.4+10.95 microns, 
and for Group C, 105.08+10.10 microns. One-way analysis 
of variance test revealed no statistically significant difference 
between these three groups (P=0.285). The mean foveal thick- 
ness for Group A was 220+38.25 microns; for Group B, it 
was 202.87+31.01 microns, and for Group C, 198.91+22.50 
microns. We found a statistical difference between groups 
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(P=0.025). The difference between Group A and Group B was 
statistically significant (/'=0.038). There was also a significant 
statistical difference in macular thickness between Group A 
and Group C (/'=0.028). The difference between Group B 
and Group C was not statistically significant (P=0.06). 

Discussion 

Amblyopia may have different effects at various levels of 
the visual pathway. Receiving input from the amblyopic 
eye causing atrophy for the cells in the lateral geniculate 
nucleus has been reported.'""'^ Several experiments have 
demonstrated that light deprivation can cause modifications of 
retinal ganglion cells, such as cell loss/ mean nuclear volume 
diminution in ganglion cell cytoplasm, internal plexiform 
layer thinning in rats and cats,^ and reduction in optic nerve 
size area in mice."" In many studies, retinal changes were 
investigated using imaging devices. Several OCT studies have 
investigated the RNFL in amblyopia. OCT studies of RNFL 
thickness in amblyopia reported different findings. Colen 
et al" measured RNFL thickness in strabismus amblyopia 
and reported no significant difference between amblyopic 
and fellow eyes. Bozkurt et al,''* using a third-generation 
retinal nerve fiber analyzer, reported no significant differ- 
ence in the RNFL thickness in amblyopic and fellow eyes. 
Altintas et al" reported that the RNFL thickness was thicker 
in amblyopic eyes, but that the difference was not statistically 
significant. Kee et al'* reported that there was no statistically 
significant difference in the RNFL thickness between ambly- 
opic and normal fellow eyes. Repka et al" measured the thick- 
ness of the peripapillary RNFL in amblyopic and fellow eyes. 
They found no significant difference in the RNFL thickness. 
Firat et aP° foimd no significant difference between amblyopic 
and normal eyes. In contrast to these studies. Yen et al'^ mea- 
sured RNFL thickness in patients with unilateral amblyopia 
(strabismic and refractive amblyopia) and found no sig- 
nificant difference between strabismic amblyopic and normal 
eyes, although the RNFL was thicker in eyes with refractive 
amblyopia. Similarly, Yoon et aP' measured the macular and 
peripapillary RNFL inpatients with anisometropic amblyopia. 
They reported that the RNFL in patients with amblyopia was 
significantly thicker. In this study, our results are similar with 
those reported by Colen et al," Bozkurt et al,'* Altintas et al," 
Kee et al,'^ Repka et al," and Firat et al,^" but are different from 
the results reported by Yen et al'^ and Yoon et al.^' 

Macular nerve fiber layer is another parameter that has 
been investigated by several studies. Kee et aP* reported 
that there were no statistically significant differences in the 
fovea thickness between normal and amblyopic children. 



Yoon et aP' reported that there was no significant differ- 
ence in macular thickness. They concluded that RNFL 
in patients with amblyopia was significantly thicker; the 
amblyopic process may involve the peripapillary RNFL, 
but not the macula. Firat et aP" measured the macular, 
superior, and inferior ganglion cell complex thickness in 
amblyopic, fellow, and control eyes by spectral domain 
OCT. There was no statistically significant difference 
among the amblyopic, fellow, and control eyes in the thick- 
ness of these three parameters. Huynh et aP^ measured 
slightly thicker foveal thickness in amblyopic eyes with 
spectral-domain OCT, although the difference was not 
statistically significant. Another spectral-domain OCT 
study demonstrated that the mean macular thickness was 
significantly increased in amblyopic eyes versus the fellow 
eye, while the mean RNFL thickness was similar.-'' Similar 
to Huynh et aP- and Al Haddad^' et al, we found that foveal 
thickness is increased in amblyopic eyes of the amblyopia 
patients. This difference was also clinically significant. 

OCT has become a widely used tool in clinical 
ophthalmology. Normative data are provided automatically 
by OCT, but the database only includes individuals 1 8 years 
and older, limiting its use in children. There are several reports 
regarding the difference in the RNFL thickness between 
children and adults.^''^^'' Possible explanations of difference 
from various studies include race, age, axial length, and disc 
area. The differences between different versions of the device 
have also been found in adults, and may be due to the use of 
different algorithms between spectral and time domain OCT 
devices;^'-^" making a comparison between different devices 
can be misleading. Similarly, several studies on the variations 
of macular thickness measurements in normal subjects accord- 
ing to age and refractive error/axial length have been reported. 
Some studies'"-^' have shown reductions in macular thick- 
ness with age, whereas others""^^ have found no significant 
correlation. More recent studies in which the third-generation 
Stratus OCT was used have shown average macular thickness'" 
and macular volume^" to be related to refi"active error/axial 
length in normal subjects, as in histopathologic studies.^' 

Conclusion 

In this study, the foveal and peripapillary RNFL thicknesses 
were measured by time-domain OCT. The results showed that 
the foveal thickness was significantly thicker in amblyopic eyes, 
although the peripapillary RNFL was not significantly different 
between amblyopic eyes, fellow eyes, and normal eyes. 

The main limitations of this study were not assessing the 
relationships between RNFL, macular thickness, and age/ 
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refractive errors. Because the ranges of age and refractive 
errors of the amblyopic patients and normal individuals are 
similar to each other, we did not investigate the relationship 
between these parameters and only measured the mean RNFL 
and foveal thickness. Also, this study included a small sample 
size. 

In conclusion, our results suggest that amblyopia seems to 
have a significant effect on the foveal thickness, but not on the 
RNFL thickness. Further studies, including histopathological 
and instrumental studies with a greater number of patients, 
are required to confirm the differences between amblyopic 
and normal eyes. 
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